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*11 a 0 >-e)) 29 Sj-NMR *>S°m. 

£ 2a S £ 2b£r €3. -tf-sHfi: ff4i X--td S)i(Cu-Ka) ^K^l^. 

£ 3£ ^ W*ll TEM ^m^]^^ a ]JL, S. 3a^r SI** 2. 3b^r °J^> ^ 

£ 5a£r ff^ ^-¥"£l TEM ^^"l^^ 0 ! £ 5b-cr ZL <y^-£l Sj-cfl ^M^l^^^^. 

i 6£- 6°1H *l~§-« «ti*l*! -fhf-^ -Sl-S-S. #*1* ^H^Hr 7|^»W. 

! i— 'j H 'V|j # Ji 



tff* 2l# °1£ 2*V 3*1 °M -§-^ ^-§-*v 2.3^* -¥-<Htt ^fl Sj M] 

*r(#*) 3^ 2*1- 3*l-§- 

eefl, 3*1- 71 ^ 717121 ih^Hl ^^sH, =£tgs}- « ^aj-si *3 

JL oflM*] Uif- ^ 2*1" Q*\7} S^SU 2*1- 3*1 Si ■§-'8=* ^7>Al?]7l fl« f^7]^°l 

*l-£»€:. -g"^ *1|S.S>M V, Si. B, Zr. Sn f-^ -ttSU- 5? 32*3 ^Sh** °l-§-« ^ (USP 5,478,6 



71 *ll cfl-§-4£r JP-A 5-174818. JP-A 6-60867), 44 -g-^33 ^4 45*** 344 4>a (JP-A 10-294112), 
44fl-i4 344 43 (USP 5.395,711 "HI tfl444 34 43 No.2,997,741), ZLS]3L Si 2 N 2 O iE-4 Ge 2 N 2 
0» 344 43 (USP 6,066,414*11 31444 JP-A 11-102705)* 5.444. EE lb, 44*1)^*11 £.33* 434 4 

SiO* 444 37fl34 t v 4 44 *1344 43 (EP 1,032,062*11 =11444 JP-A 2000-243396), Si 
*J 4 &3* 44 443*ll 343 44i4* 3444 43 (USP 6,383,686*11 31444 JP-A 2000-215887), a3 
iZ 444i 343 S.3* 4444<H] 3*fl 4-* 5. 3444 43 (JP-A 2002-42806)3 ^3 33 34. 



^.go| o-.- 3*3 

44 4*11 3*3 43*4 24 433 4/43 44 3 3133 3E* 47V33-&31 -^43*134, « o. £ 

# 343 44443 *H4*11 343 o.^ 43*114 44444. *H33 3£3 34 44°fl tfl*V o.^7]- 

*J4 43 No.2,997,7414 34 34 24 33*113 *^->B£S^ 444:±:* 444-ir H -§-^3 3^4 3# 

44. 4 434*3 333 is 444 4*ll 4334. 3 333 344 3*3 4/4333 433 *7>3 443 H 
n, 43 # 343 -a* efl«Ml 35.JI 443. «W£ 44^ B d3 444. 4^-*H3.*fl £.33* 434-Sr 34 
31 tfl«B-H. JP-A 2000-2433964 1I3I4 JL^iS) 44-*-^. 4*11, 434 4i 34*1 *S333 43 "1)4*11 4444 
£-3 A 3* *ll^44. JP-A 2000-215887* * < a«: 44: 34* 334^31 343334, #4:* 7l sflS. 4 4^3 
S4 3# 343 44 $ 4433 33. ^ u^i4£ Hal, =L ^4, 44°H 434 43 444. 43*1 43 

# 343 34334, 4°1Ht 34* 4343 41311 4/44 43 3)4334 44. JP-A 2002-42806*1] 3 4, 

434 343 71143 437V444, 44: °1^^^S1 ^ 31421 **** T«-i « ^ 3143 71^51-2] * 

*4tb «fl^°ll «7*« ^1«S1 H 14^ ^ -g-^l <a^*V ^21 jf. c icH 

^itii €4. *i 2^ ^^i-g-is. a-^*^. 

^ *^2l 711^=5 A>=.1# ^ 511- <=!-£- 24 ^^1^* ^ 2:* ^ £^1^ 4*^1, H ^12 

* , fl 3J «*fl« 24 ^xi* #^7Hs.i- ^1^-4^ 746ic>. 



*t^2l n 7 "^ 31 44 

a a v ^7^ 7ll^€ *W« ^^--i- al^r S«fl^ 24 ^^14 44211SS4 JL42j°J fl-i 4«"^1* tJ* 

4^4. 

SM 71** 44 *4 44* *4 44^^.3 711^1 4 4^4 6 1j1, S4 ^M^t-*! < ?!4 0 11 44 

4SS4. °1?1 444°fl. fl-i 14 4^*1 444^(SiO x )4 n^^l H 44°l7l nfl4^ 3# Cl 14 24 44 « 
A J-&4S-M 3.71] ^44 ^si4. ae14, n3S4 4/44 4«1*al 44^1 444 444 44n(4, 444 4*1 # 
44) 44 i7l S44 471 nfl4*fl cfl44 44^4 44^1 6 1^1 4444. *1 4^^.3.4^, 7^4 4*1 # ^4 
54 a7l J:44 44 44* 4 44 4 4^44 444i 44*1 n3* 4444(CVD)* ^1^ «m 4^ 7l4i 
4 ^4<=>1 44*1 7114^44 5* 444554. ^4, ^4*1 47] 4^^4 ^71 i*3 d 711421 4^-7]- 

^4. 

CVD ^el4 444^* Bl-1-*14 24 4^H1^1 44 4^44^ a}-§-sv ufl 4 44 4/44 4°l€ 4°ll */4?i 
443 444 7J/47V °J^44 °14* 471 4 4^44 CVD ^e)4 444^21 -73=4 9i44^4. 4^$.] 
e!42l 44 34 444 4 4^1 4471- 1H4JL, ^ls.^ °J44*1 4^1444 4°1 443554. 4*fl 44 £^* 
44 4^ £fe 44: 44*4 343 44*11 3*H 4 3 ^4* 444 £4 4*113 £3**1 4444. a £4, *J 
4 A ^*1 4*M 44^13 34*143 *14*1 4«fl* 4oi 4o|« ^4 ^ 3l*3 4^*1 44&4. 

°1* 4431 71^4*1, 4 4^44 4^4 £4^* 44 51 44 *H4 343 44 "A 4*4 4^€ 43 
44*11 cflsiHs. 4^4 4^*11 41*11 *i4444. 34 A ^3 4^4 *4, *il* 34444:^ 4dt3 33^^ 
£4 3^4* 4433H 3.^*3 X43 *J4 £4 44*11 Sit 444*. 5.3 34*14 24 33 44 4 A ^* 

43 434 4^71- 4433. 4^4 44 4/43 4% t % 4/43 4*143 443 7fl^?i ^4 3i A** 4^ £ 

44 fl-i 44^171- 433* 44444. 4, 4i 44*, 3^3 *14444i°11 4^3 3^11^ ?4/i£^ 3^ 
4* 3^147)1 443301, 44*113 S3* S±s 3443 4i7b ^^3 5i4 £4 34*11 444^4 4^.3.3 
434^471- 33 34. 

4 13 43*113. 4 434 4^3 3^3*1 ?i 44**11 4433 5i4 4^3 34**1 H53»3 5L3*1 4A 
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S. 0.5 20m7gS] BET HlS^ ^ 3 Ml*] 70f= 5 §=%2] "frt^** ftt^. i*HM*Mfe. "WS^* 1 vfl*l 
500nm^l 3.7]% 7fx]^, fl-i £}*M-^ o) Aj-SHfi©! J7 , 3<H£. ^Hfra) S.i *^<H SI^. £ 

£ 4#^!=Mlfe X-^d Sj^^-^j^l 3]«fl «41t nj, Si(111)°ll 7l<ye>^ J|$ $3.7} ^r#£]ll, tNS: D l -HlS^ Sch 
errer <^2] 41 3 313.2] ^=LS^-Ei H> 1 tfl*l 500 nm2] 37l» 7j-x]^, &± ^-zj-^o] fl-j. 4^]2] 5 vfl^I 
70^^%°l4. 4tMlte- W^^WI*- t^S* -§-^^2-1 ^± 7}±^ if8*)V. ^ 5X$r 0 

7V°1 1 vflTcl 35 «-8-«t|.. c-]^- ef D J- ^ 1580cm -1 e«i 21 4<S 

^1 22] #3°JM, ^r^-S: 5_#s§ ff-^ 4«-*fl2l ^l£ u o V ^* ^-g: 900 MM 1,400 

°C2] ££°1M <&JHfr4i* -fi-71-S- 7>^ ^/5E*r #7^ 1V-§-a)?1j7 ^.Ajofl S]-*^^ -ti*S*>^ ^Tfl** *r 

•#?M. ^3-5.3.. -a-SFfl-^fe- , aS]:*I: SiO X (^7H i <; x < 1.6)°- 5. SM=1 JL 0.01 MM 30/anS] °J.E, 0.1 
MM 30m7g2] BET HlX^* Slrfe «U*V3 ^3)* 3^4. 

££ 4€- 800 MM 1,400 1:2] ££1M ^JfrS| -S-71* 7>^ ^7l 2j- °] S)-^^ iWRr i&Tfl-t ^ 

900 MM 1,400 TC2l ^■SE'HH B]^ *$M«)H ^SHf"^* <S*MSM «-8-A)fl o.a^ <* 

£ fl-i =1^*)-* #-«lHl 2]sfi dl-itfl-fl-^S. sq^fl-jS-S.-**! ^ 4**11, ^ n H*M) 

^ 800 vflxl l,400t:2l -g:£«l|JH 7)#^]^ 7>^«-«LS^ -^^€4- 

S£ 4€- B 0 Vl ti£ -a-Sl-ff-i* 500 Ml^l 1,200t:2] £-H«1M -fi-7|l- 7>i ^714 Aj-^ofl ^^X]f}ji ^ 

€ ^9^8** 900 1,400'C<H1^ am-jg *^7|<HI^ <flA)^S]-(H ^r-S-^l ^l** ^ a Jrt!:^. 

c| ^jj-ofl, aV-g-^ u>^-aj^l^. -a-s-f^ H-%-3., fl^S. ^3] ">l** *-S-S. f E]^5. f ufl^S. ^ SElB] ^€-°-5.-¥-Ei 
^1 321 3>3°flAt £ t^^r ^2]^ S€ A ^ ifi 4*^1 SE^ -^71 ^2]€ £^ Tfi 4^14 1 ifl*) 60^^= 

%2] s?!^2i -St v ** * ^--S-^o] 25 m^l 90f-^%°J b]^ 2^V ^^l-f -S-^-^a 

b]#*>1-& 2^> ^^l* -8-^ A >-S-«" 7\A ^* ^ %^-t^°J 71^1 

^.^^.4 ^uflai S^r ^/t^ ^^4. nsIM-, ^-^€^r ^« f^/ w J-^i 4 4 1S * ^^^"a 7 J-*H- 

irCf. £ Tfi7l^J #^2] 7H^€ A >°1« ^¥ ^ Sfe 4^]^] S 1^2] 

oich <a^#si a^^r jq^«H Hi-^fli-Tflt °a^> -§-^<h £ 

o^Ia^ A}-^.^ ^-^ -g-a]-^ ^- «^ afl^S] ^ #4 vfl-f- ff^ 4**0 A >°H1 ^4 fl-^7]- ^4:^ 
7^ Tfl^efl^ ^ -g-l-S^-sl^ 51 fc- 55 * 2]n]*M=h -g-^ TEMSH1 ^#€4(£ 3 

H}-^-xl5]-7|l^-, ^2) 4t v ^l^ ^21 4^** ^tb^. 

(i) ^Vcfl ^^S-H ^-a]* 4-§-*H x-'id (Cu-K«H 2]sfl «-44a] Si(111)<Hl 7l<5l^ $3 S)37F 25 =28. 
4 ' -t f^ll ^ #%5=U ffi H-MI*^* 213.21 S cfl5. scherrer <tj°fl 2]sfl ^fc a>, 
ai^HlT- 1 ^fl^l 500nm, ^ u>#3] w|-7fl fe- 2^*] 200nm, 4*1 2 20nm2) 3.71 -f - ^^4. 1nm *l&2] a7l» 
^-^ fl.^ al^l^Tg^ ^ f-/^"^i -l-^-i- 7}-^^- ^ °}c>. 500nm* 3.71^.^ */ B j-^2] -f-tHl ^^^°J 

nj oj<H^ SiS *§*V ^H* A ^-fr ^efltb^-. fl-it ^^^^21 3.7lfe TEM ^7>^i>l^A>^ A>-g- 

(ii) HSflAi-Ell NMR ( 29 Si-DDMASH 21^) St^a), tflgt _no P pm* ^°-S, «>fe °1^4if4i2l 3)3.21- -8 
4ppm -5-^2] Si-^«1«V€-H ^^2] s)3 4=S <1 1 i«]S^^W vf-El-\+nl-. «>1 ^^M^^r f- A o v 2l ^^(SiO x <H7l 

x= 1.0+^)2] 5isl- cf^al ^2: 7Hl7l- Jf.^-^ >g^*l 4 = 4r ^i* 7>e|^lcl-. Tf-SiS^S o] el'^JHf' 
ii a-t!:S|<H S 0 ! ^^^^^(TEM)^^! ^rSr^H 
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fl-rfcf- #^*Kr ISO DIS 9286°fl af-ej- ^aj-s). 4)- St-g-A] ^aj^ 4^7h^°l <y=o. S A-j ^xj^ ^ oj C ). 

£^ A J fl-i ^t v *^ tfjgjg ^7^3 -Sis ^-SrSt «K 3<H£ 1f^/o, a|<HS. 5f^%, c-] 

a)«H£. 10f^%, ci^-ci uJ-fratMfe' 2Cf «3=%°l-il 35*«g=%*]-*l. 3 Hj-^-zi 5f Tit ^ 30*¥%*M 

51 07> fl-=±i# «-fr*t*. 1f^% °l D J:S] 07> ifi Z\ 3£ <£S1 Lf*^/** 7>b1?1j1 

*/ u o^ -g-^# ?Hr e^-o]^ 2 *V 3*1-* 7W^4. tfrigofl, 35^^%^.^ 0 7> ^ €-8-%=^ ^iel^ 

•a-^ -§-*£=-§■ ^-cr hi#oi^. 2 *> ^n- a.^.^. ^ sa 0.14, */Hf^ ^°hi ^^-s] ^7>ja $ ^-§. ^ 

■8-*M. t^^lS. A>o]^ <g*l~=i4. 

(iv) TEMSH1 °J^V ^S^r ^#o| S^-frSl »4]*l3. £l<H 3131, Ml if ^i7f ©l^fl-fl- 

SUfe^ ^#*1 *5l5)^ tij-^l*}lZ £.si*-§r Ji^cf. 

(v) aR> *%*H*HM, ^P^l 7l<ysl-^ 158 0cm -1 M-em-fe^, ihfcsl °J¥- ?i-¥-7> *r<a 

* H: D J2] £«<S Tfdi JfrSte nf«-3*Mlfe 0.01m 3 0.1m cj^-cj ul-^aj*l- 
Tllfe- ^°l£ 0.2/an, 7>^- u>^-3] *>7fl fe- *H:£ 0.3faii<4 JL, 30/an*M, 3 a H§-21*Mlfc 20/an^W, el^-ci h}^*]^ 
fc- lO^W^ Jf« °J£* M¥- ^ *Stf °JH^ M-r- 7f7^-i; ^ sijv, oj-aM ^jfiquj. 
*/^^ <t 5XA. y Jr^°t H-t- ^« 3^ ^ >|a^7i7> <H ^Tfl ^j-i-jl 

D sp (¥^-f'^£*-^I^^:^^^50'f'^%2] <U^)JLS. ?-sfi^*l ^^-€^>. 

SEt!- HWalSWt. tT-A 4^ *^ 0.5 vflx] 20m7g, 1 vfl^] lOmVgfi] BET 0. 

5irf/g«m^ s^^* ^ , y^vs-'& ^ a*!*^* 7Vt^ ^^^laoiiAi xj.-g.ja s^7> ^ ^ ^ o.a 7^71^1 

^^-^S.^- ^*\SL3. S>^€ A}o]^ ^ a>o ]# a^- xis^s. ^eflsi-cK ^afl, 2 0m7gJic} ? 

S^lSS] ^<LV<H] ^^=2^ -g-»11t- ^ ^JL o]5)^ ^^-^^ o.xl*|.7l cf^i] 

♦ ^153^7 <L3. 3E€*s|-^HS ^H^^^. BET ^5.^3^ ^*J-^ N 2 7l-^.°] 
«a=o.S^ BETI^'S'Hl #^«!: a<a^ 0 J*l ^^4. 

a>^-2j*l-7fl^-, £^aj ^-oVAj-^ jjj^ rci. ^S] ^ £^a^ ^ 4^ a <y^ ando , 

S)-^-^^ o^^ c^Aj m^J-o.s. go] ^.^vo] 7 }^0_^ ^o^ £ 3 ^^%, Ci U>eValg: W l^ Xo] 

AlE|7>lnV ^#ol^- 2 ^> ^^Hl 2^5?^ A >°1« QSr ^^-7} Sftt|.. M^- 3. ^ ^-si-^^ uj 

^ fe€r ^3 ^-frlN: H-e^jL, ^S-^ #±*]&*r7} ^JL, SEtt ^ %=L ^ 

Siol, trHEfAi ^1*>* ^ 5irq-. 

S-^i^ fl-i 4^ 1 *10 -6 S/m 1 X10 -t S/m w>^-zi SJ-c}. ^7l 

■=>] 1 xio " s zj-o.^, ?l-=-2l £^a^6] 21-jL, ai#oi^. «l-g-«- 4°lt A J 

-f^7> <*j7H Af-g-tv ^71 ^s-i--^ 4 ^ fi* 2. 0 J=si € ^Hl sl^^ ^- D a v -i- f-^el-Ji 

. <=>! **»fl fl}3L 7}SX)£^ ^ov 7j-^» ^^±s.^ ^sH^ick 

t}. «l* <»)*F 71 ^ I Ml^l 111*1 ^-§-€4. 

H o v ^ 1^ "a^l SiO x 1 <x<1.6)# Ai^^ol ^-Hr-i: -gS-lr^S. AV-g-s>jL, -FM-§- 7)-^ ^ 

7l* S^^oflAl, goo Ml^l 1,400"C, Hl^aJ 3-7)1 fc- 1,000 1,400'C, 4^ s)-7)|-fe- 1,050 Ml^l 1, 

300 °C, 7}^ 8>^«l-7llfe 1,100 Ml ^l 1,200°C^1 ^-S-eflA-] -a^SH €S-i-^5.A^jol Aj-^fl-^. ^.^-1- ^sj. id}. 
■S"ir o a^^ Tfi ^ ol^SHfiSl l^i&^S. 3jL *^H1 S^-Hl ^^3^ -^ u J-?i^. 

11^ -S-711- 71-i S/BEfe- f^7l» *fl7l<fl^, 800 vflXJ 1,400 1), aV^*! sM^r 900 vflxl i,300°C, J± 

c> 4^ a] Tflfe- 1,000 Ml*l i,200t:2l -arSoflAi <s*1b]«m ^^ai* -a "cMll-* =^¥13^; 
(a) SiO x (<M7lAi i =£ x <1.6)-i- -tt^-fl-iSl Bl«-Aj 7l> >. *fl7H-H 900 vflx] 1,400'C, 

1,000 Ml^l 1,400°C, a.t4 Bl-^^fc- 1,100 Ml^l 1,3CX>"C«*fl-*l Al-€°fl "S*lel*W *^si- a Jr-g- A l7l 

^± WQ. (b) Tt± ^<H1 51*11 ei^fldta ( C ) fl-i °l^l* D i* °H1 
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-a3l?K*^ — - =8*i ^2l?^f^ £-g"^S -§-^a1?1j1 4^*1^ 2i£r ZLBIjE. (d) 

7l#°lH soo Ul*l 1,400 - C2] -SrS^H 0.1 ^*1 50/an2] °J.E3. ^-^€ ff± 3? =L%*) -«Hfr 

^ < jltt*J SiO x 1 ^x<1.6)* -tlrSt-fl-iiSl *!};-§• 500 i-H*l 1,200 °C, t^*! *H1 *r 500 Ml*l 

1 OOOt ILtq- aH^Ml^r 500 Ml*] 900 X: 2] -fi-71* 7>>i ^/S^ ^7li|- A>*H JM^* « 

7414 ^ J4€ ^-g-fr H l#^ 7>i *#7HH 900 m^l 1,400t:, aV^'^Wlfe- 1,000 Ml*] 1,4001C, iLd- Hf^sl- 
1,100 Lfl^l 1,300r°M <a^&)*H d J-S-^l 7l£r ^Tfll- ^<3lr^. 

si Aj-sj-ffi <y<?Hj: SiO x S. 3*1 3 JE, <*)7|*1 1 <x<1.6, «>^*l-7fl^ 1.0^x^1.3, ^ «>^*M^ 1.0 

< x <1 2 <>1 JL *H£. 0.01 /mi, Dj B>^-a!*Mlt- 0.1 /an, C^c] w>«-3j«l-7fl^ 0.5^1 JL, aV^^Ml^ 30jtfln*}- 

x] c-l «1 k 20jtan^l2] W «U£. 4?Wl-7)l*r ^^E-O.lmVg, d n>»aj«h>it 0.2itf/g°] jL h> 

^^1^ 30m7g^], 3 u]-%i|«>7fl& 20nf/g*l-*l Si BET uli^-fr SN? *§Eflt- €3. ^fl-fl-dk 

$■£2] S S^^l <*7l #°fl SU^. €*Hr ^J* °J£2V 3. ^ tf-dfc ^-^fl *tf 

o j <goi ^ ^ o^cj-. X 7> i .OSL^l SiO x **2| <H 3^. x7> 1 .63% - SiO x CVD 

^3}^. *v ^ ^ € ^ 4^ ^.^-o] 3 al-§-3 SiO 2 » «-?f*Ka, ^l^^r Hl# d l^ 2*V ^i^Hl 

i^Si* "J W€r -§-^* 7H* 

wj-^ | £ ^ ||^ soo Ml^l 1,400 'C, ttHMSHI^ 900 vflx] I^OO'CHl^, c| *]-7fl fe- 1,000 1,400^2] ^ 

^^3}- ^e1# ^tt <S CVD^Ble}-Jl£ ttcf). ^<a °A 800t:acf 

v-1 4^)^)21 &± BjHj-2] -§-^-o] Ir^^-^q-. o><a ^£7> 1,400tSL^ ^l^Tfi-f-S) ^£ 

^7> *^isi<H e)# fl^s] ^-sfl-f- 3£.7f ElJl, a]* 2^> =51*15.^21 7]^-# ^£ ^Cf. 

aj.^ , s ^ ,„^. a]-^^ ^gj. nt^-J. ^«V*Vt:K goor=m^ "S^ s\ ZtSl^ Sb-g-ol ^"H^l 

7^ TfiSl n]4;«V <i tgAjc] a] ^2.^1-711 s)-7) ^^-ofl ali^a]^ ^ SZ^. <£U ^£7> l,400t: 

^cj. ^ or£ 0 ]^.^^^ =?2i$c7\ ^£]<H Bl#^l^2i #efl# «g-«D« ^£7> E|il h1#=>]^ 2*]- 3*13*12} 71 

U-'ti UHl^ CVD^elofl e>\6\X\ 900 ^^1 1,400°C. «>^«|->Jt 1,000 Ml^l 1,400'C°11*1 ^Sl-Ti L 4:2] -S-^^- «K§- 

* ai?ic> soor°m2l <§4l2] aw^sKcvD) *lei^r£2j-£ *l-§-s]^cii ££^- ^^g^- ^ £^ 

slew fl-i °jxj-2] a^ofl -g-^-€ ^^^^l ^°i^i7i >^s-°ici-. 

^•7lS.-¥-E^ olSflE]fe. HJ-SJ- ^Ol, Sj-^Sr H}-^3)S|-7fl^ 1 CVD(^, 800^ «1^^ 2] ^-^-f 41^% V «.S.*1 

^SJaL °J CVD 2] a]^ ^ ^^^21 ^'S^cl-. *1S121 -f-^ofl 0 dx>#^- ^^5. ^1 

B o v ^ Ml^ SiO x H71A-1 i <x<1.6)-l- &&Tt±SH €S.# : aS. *>-§-«• lfl, fl-at^aj. -g-Ajofl 

71 #' 7^21 ^«?S|«Ho> tt^. "8*1 ^ a1^(CVD/«-5-S)- ^m)-Sr 0.5 ^fl^l 12 aj-^-aj 

^Tflif 1 tfl^l 8*1 ft. iH «V#2]S|-7!l*r 2 vfl^l BAl^olv+ <g*l^ *)Z}4r 1*1^ -gr£(CVD/«-^^ tt-g- ^1 ^>)<H1 

^ IN-H. °l^el» -H-71-t 7>i ^/5Efe *7l *fl7H^ nfl f °I^Bl a^ AI^CVD *l3l Al^V)^- a 

* 0.5 m*N2 -M*h 4^*wit 1 ^^i 6Am«a 4= 5a 4. sio x * **# &-%-*\^. h.hmq 

^l?!r(*** ** A 1^)^ 0.5 Ml^l B^m, H]-^2)^7fl^ 0.5 ^1*1 3*1 ^1^. 

«S-«a lll°il A -l. -^SHfii SiO x ♦ *>3°il «iBjA]^ t^| ( ^e)Al?V (CVD ^21 *m)^r JL* 0.5 vflAj 12 A]#, 

H>^-SHl^ 1 4^1 6*m°J ^ Sicf. til«- A J *fl7H-M «a*)3l2l Slr-g- a)?V)A ii* 0.5 Ml^l 6*1^, 

H ).^-3]^7fl^ 0.5 ifl*l 3*171*1^-. 

^ ^21 AJAHIA^ -g-711- 7f^» ^|Al?l^ -8-7l#^^r #*1 H]A±3"S *Jf|7l«H|^ -gr£°ilAl <a*«B* * 

^(^^)* ^ 5U*r *1* ^aa-f-^l *1^€«%. °il^ =tm, "fl*. «MS«, ^ 

3^31 '^E)^l, -Hi^Bj^l, t^jsH^oil^, ill*, 32!1*, iS-S.^C Jflel^. ttH 



*fl 4=-fr #?>• 4M4 4= f=4 ^)S-¥-El <*<H^ 7V^ ^gfl., seHiiH 4 U 4J=44 44 4-1-44. 

<a CVD (1 44=^4) ^/£*r *«sj- ft-g- *14» 4*1), 7}<a 71^-1- ?H=- <H4 44£r 4-§-#*l.E t>144 A J -g-34 
°D4 4-g-^S ^ 5U4. 4*1134 ^^«\) 44, SB^ «ti*|<i} 43* ^ ^ 5^ ft-g-444, <H)-f- ^g, -fr^ s?v 

-g-S, 4 4**1 a]** ft-g-3., E^S, ^ El ^ 5U4. 4?14 Aj-g-Sl *|ai7]-^ 

t €*ft -8-711- 7\±, Ar, He, H 2 N 2 4 7}i^2] € =r 5U4. 

ZL^HS, S.B]^ QS. C£i=- Vc ^flc^ ^3g^of| cflSfl Sj^SHf ^-iS] -^-Af-ft ft-§- ^] 7 } Hl^*) fttfl, 

H 44^ 4444; °J^f** U«-3*Ma4 CVD*|al* Aj^ ^ 7 > <U4 ^fl-fl-i «a4§4 MS. -g-^* °i<L7)$r 4 

4 SM 444 -$44 7>^Sl-7l nfl*«l^. jc-a^fc- 4>ij-z]S>7flfc-0.5 M14 30rpm, 4 44347)1^ 1 10 r 
P m44 4 4€4. 44 42:3 4*3 44-b 4-g- 44:e rz44 *34* 444 4 4tt :t 444 t-tf^uif- 5) 

444 *r 3 a 7i^, hi 4444 ^oflAi 7 ><a 3} 4444^- 4<i44-i- tt-wi 4 544. 

^3134 ^.ajofl Ofef, ft-g-^i*. *flg. 7l^-(«Hll- t-lg, 2|4)4 AjAj-g. sj^ 7l^(oj|S. ^ J^S. ^ ^ 

£. 44. In il^C^ ^A}-f 01^.7-^, 3-«y**l *)]444-|- *flo^ ^ tiflg-g. ^ ^£ o^q-. - ^o| - A]] 

^.SL«M SJ-r^. *je| =-*Hl 14a)-, 6}ig 7flS.H|-£ 4* *44. 4444;, 4^44, 444S. 4 

444£4- aH44, #^a>ffl ^ 13^4 44 JL-§-^ ^Efl°lefli ^ ^ AjQ)^ - oiq. 

7]-i:°l ^i^u (m/sec)€r 0.^2} -ft-f-^- 7flAl ^£(minimum fiuidization velocity) u mf SJ-S] h]7V 1.5 

^U/U mf ^551 ^^7> i4 Bl*2j^5. 2)E}- 0 ] ^aj^cK u/u mf <1.5S^, -S--S-S1-7V # 

=)JL, 5.^^ 35l5]-Ofl Aj-Efl 7 > ^7lfe- ^-f 7]- $}C]-. <^ 0_S- u/U mf > 55.^. °J T-H ^ g) 2*]" -§- 

^©1 *^*|-a f ^ ft £^AJ TqoV^. ^A^^X) ^7} «ICK -8-^ 7flA] mf ^ ( oj^oj 37 | ( A]e) ^ 

£, ^e] *^7|^oll Sj^«j-fc ^o] ^^q-. -8-^-31- 7flA| i £u mf ^ o.^ 7}±S] #q ^ * o. s 

^7H?l£r ^l«*fl^ 7l-Sx]=^ ^Ajol w/A(«H7l^ &*HS1 ^^lJl Afe -B-^*S] 

^ nflS] -H-^SF 7f>iSl Ai^o.^.A-1 3§51^t^. 71) Al mf ^ *>S" 0.1 vfl^l 30cm/sec, H>#3)Sl-7)l^ 0.5 

Lfl^l lOcm/sec *]t+. ^a^ft ^JJ. 7flAl mf » ^§f7l Ji^- 0.5 m^l 100m 4**1 *h7| 

5 MIA] 50^5] "flJEl. #fech °JS7V0.5/MnS.q- 2a> ^«<s] ^jt, 7 fl7fl21 ^^S] i^o 

& t^^l n^-aig, £^AJ ^ 4*v^i ".oj-o. -g-q-TllS^A^ 3. -g-«9= Si 7flAi^ ^6]^ A^^_g. ^ 

if Hl^ ^*fl^ 2^> s*| el# 6| ^ 2 a> *U11- ^12:*V71 ^ft -g-^- Af-g-^ 

615). 71)^ elf- o}£. 2*} ^a]^ -g-^- «-^#^5.Ai i^Aj Aj-g].^^ Al-^-sl-^ ^K 1 -^ 15}IL, 

Q^r, -Z^r. 5i ^l5)5-H<=>lEi£l 3J ^^a. ft^slxi ^t>. e|« s.^, «^ 7 H 4-g-5)^ ^ 

#^S.7,i^ LiCoO 2 , LiNiO 2 , LiMn 2 0 4 , V 2 0 s , MnO 2 , TiS 2 , MoS 2 ^o) aJ-s].^. oj 

^1 4-§-*4. <H7lA^ av^-eI^ ««B^1* oil* Bl^ ^Eflg| ^^AVBl-f-^ ^ el#^o| ^ 

SI 4. «1t -g-nflSl ?T-iLifl«la, ^m^l 9T-SLHMJE, clTfls.Al<Hm, y _^.e|S^S <J] 2-n)lltflB 

3l-*l=a-f-'a-ai ^ s«-£4-. «H3)7H ai^Til ^«fl^«lH- jufl aft 4-§-^ 

& l-^si s.^ ff± ^>-§-5H ^* ^I^ft ^j-f, ^-34 s^^ii- 514. 

0^7lA^ A>^-51^. £^^51 S-fSl ft^Sj^l ^J7, a*)o)H >fi^* °J 0.717C1 <H £^ S] ^) S. 

<=>l^ €4. <i7l- £]fe £^^lfe A l , Ti, Fe, Ni, Cu, Zn, Ag, Sn ^ Si4 ^ ^ ^-fr. ^-91, °J 

5 ZHr3 22i ^-'g, tHl^.Aj- ft4- ( 7 ]A 0 V Aj^ Hj^TJl ft^ ^ 0. ( p AN?i l ^ AH o. n J zV^O] - 
4# i^Al^Ai ^ <?!-§- aftftCf. 

S.^^ ftS}-fl-4i *^r* £^^14 1. £^^15) ^ ^ft-i-Sl 1 ufl^l 60 t^%7\ «l-^a)s>iL, ul-^-a) 

*>7j|fe- 10 t-))a] 50 20 50 ^ ^%7l- C-l 44. 1 ^^%^lftS] i^^fll- ^-ft-f-gr f 1 / 

^^14 fl* ^ =r^-°ll ^3^4 ^>7fl ^ ^7> 5JJL, 60 2i44fc ?>^r ^ftl-& ^-±€ 

■8-^* 4€ 5114. Sft, £ft#-gr 4^*>7flt 25 vfl4 90 ^-4 30 Ml^i 50 ^^%2l * 4i ft*^( 

^r, ^-ft^l ^^l 3)^ 5£fe f^4« 4^21 ^4 i^^l^Sl ^°1 «tfoj #^=)oi 25 

%444 * 4i ft-R-^-i- *4#^ #/ u o v ^i4 gl =^^4 ^44 ^4 5tU. 90 ^44^ 
4^1- 4^ ^4«^ 4^4 ^/^^ -g-^* 4*1 ^s. 5a4. 

^4^1 

4- *fS] 44^1* 4*HI ^4s.4 ^444, 51 £4^1 ^4. 4^1^144, f=4s)4J=°U, gb 
44, TEM^- -¥-44A}1iDl^c>lci-. 

4aHi 1 
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-£ ^«H) 4£t ^-4- 4 4*1 21 ^-S-t 4*3471 34 43.4^3.4 4444i(SiO x ).£.43 

sl^ fl-i 44*fl# 43.44. 

-tV3KJ-4i(SiO x , x=1.02)* «^>°11^^ «!44 444^ 4 ti4H 4^45*4. °14 4*1 ^4 444^ 444 
^4 el 44 $ Bj-g-^ofl ^ji Aj-sj-flL^sj ^jj. <g CVD1- *g-g- 314 a]# oi 2 44 44 1,150TC<>il^ ufl^: 

-4^S 7>£ £4*2] 4 A H ^45ft4. olsj. fta] ^-^-i- JLZ^n NMR, x-ii 3^4 TEM 4 

^«n]^AV^ ^ 44 «.%^(o^7l* S32nm)«fl 21*1] 43 45*3 34* z|-Zj- £ 1 ifl*l £4*1] 44^£4. €5.-1- 
*Z3_*\ 44if:£:4 H A a%3-*\ £# A 3 4± 4**1 "HI ^4 3^14^ 29 Si-NMR 4^2] 44^.4^1 4 4 
«fsl- 44 214*14 24 #*1 44 E4 A 34°l 444 £4^ ?i 44*fl2] 44«1H. jf± afl^M 

tH-§-44 31^^ -84ppm^°»M 4444 °134 427h o|-&3fffi « ff±?> ^^^.S €34711 4£3<H 5*4 
-S3. #43.^5] 44^2] 4=2:4 444 7>e]?14. 44fl"^2] ^1^4 44 £.4*3 4^ 4431*1 Cu-Ka^l 
o]^ x _ai 33 2(9=28.4° e^Sl Si(11lH 71*!4tt 4444. °1 4444: 0 fl 444 jf-± ^4 

Scherrer^ °)1 2)4 3^2) 44 44 4 11nm2] 37l# 4^r4. o.^ £ jEtt 44x(Si)S] bIXI o]aj- 
3Hf±(SiO 2 }«1 44sH5U£- ^^7} 3444 4^44. SEtt, 334 4i 444*1 2J43.4*!] 4 = cr 44 

«h*h sa^ *j42i 44*11 s^si tem 344 n i^44-°_§.-¥-fc| 4<?i44. 4^ s&4 

oj=Jf £) a-oj£lc;>(£ 4). o] ^ nflS-<Hl, 444 44 £#44 Sr^. C-j-^-ol, i^fi] 7l4°l|2l ^42] 

M)4<HH £*£4. *1-S€- °J^^ ^* ^^l*>3i el-S-^l^ f-^j- ^ 5]tb ^^1*}-^ a>=»] 

D) ^-Sflaj life £ 1* -itSt-fl-i ^* OS-¥-EJ <a CVD (^1^71-^) oil °m <£-t ifi 4 

"% v *fl* alatl-^- Jl^l -y-Sfl 29 Si-NMR *>H°lcf. ^Sf-^iS] -72ppnri- f A d^ ?F 07> 7l<?l3f^ 

y o. nj3.fi}. _ ii4ppm* *U 47> Tfdfc(«l4*SHt£0°1| ^ltt^fc- * v -fr?t4. SttflS, £€ A ^ fl"^ 

4-^-^5} ^>H^ -84ppm slaf ^-ff^cil *le3-ar OA 2-^ fl-4x-cfl-fl-4i ^«-§: ^^f-§r 7^?] 

-Id 51^ (Cu-Ka) *>=*]t1-. -it^iS] ^1 ^* H-^WIfe 2 5=24* ^^r ^3°J: 

# fi--B-t!:4. SUSS.. 5-^^ Tfi 4^21 ^^ A J fl-di (^l'H&H ~p-2i) Sj Si(in)<Hl 7\ 2 5 =28.4 

* 2)3-1- «-frtbcf. =>l^SVfl-i°1| *-tt€ ff± ^^-Sr Scherrer 1M1 S]tb tV^AS^ ^tt ^ 1 
InmS] 2711- 

£3a°J 3b^ S.^ fl"^ 4«-^l S 3.^2} TEM ^^nJ^A^olcf. s^zHJAi, ^ ^x>^ 

^BflAlS. ^1=1^ ^ S. 4fe- S-^-y Tfsfc 4*^121 2f°Jr 1580cm " 1 3)3 

ir ^4iS] «J3Jf- SE^- ^^-7> 3-<&=?-2±<& 7>B)?lcJ-. 1330cm -i e*|S| 3)3^ ^^^o] #^1^<H1 tcj-ef ^-^^Icf 



111, (SiO x , x=1.02)2] ^"H^* ^r 3 ! B J-S"S.«^1 t#jL 7lfl-«F<fl^ 1,200'C^ 7>>i^c]-. 50 4 

21% ^ oVsesJ ^t v -i-# 3 -grS-ofl^ 2^1^: ^"^r 7l-<a«-6.£^ 1 CVD* ^*5*l-^cf. 

Ttdt 4^1* FIB 7>^-*H ^^tt^. S. 5^ °1 ^3g-2l TEM €*)"€ a ] jL. fl"i:7> n] 

Ajans^ ^vsih sa-s-* 7>2i^in}- ( ^oflAi 3714 37ii non-. if-4|^«a ^aj-oj d)f -y^s.^ ^ °his 

^^14. S4 ^-47> S^si nJ-§°fl 44 4=7] afl^-ofl 3^4 ^Tfl i'?14. °a-¥- Jt«»lfe- °J4tf # 

«^°14. 

MijJ 2 

-LVSl-^rh (SiO x , x=1.02)t «-^fl«s.^ * ll^-H *^*>S(4. 6 l4 4*1 €4^* ^44 

JL -H±gr#7]°)}*\ -g-iflt ^l7l^-o_S.*1 4 0.8/an21 fl*°JJE* ^ °1^^4. -tfSHf-^ ^Hir S^e] ^s. 

S3^g-s.«fl ^il 4 2^1431 ^5^1*^14*4 l,l5orefl^ ^m-4=2- 4^ *4#2l *f-oflAi aj.^.^^ 
44-4 «B CVD* 4^*14534. ^^^I ^•fr ^ A J#4 16.5%S1 44i 444* 4^3 4 A J 4^ ZE^r 07> 

44 4444# 4^421 44^1 ^dtsi 4^-3.4^ 44 4 26.7%<^1$A4. x-4 ^^'S (Cu-KaH 

fij^l ^AjA], 01444^1'Hl 444 4i Si(111)<Hl 7] 9J44 2 5 =28.4" °fH 31^4151 sts.o_s.4El Scherr 

er 51 n ^4 4 4 iinmsl 3.71* 7^4. °A CVD21 ^oj| j=^aj ^ ^-^-^i^ 4^-44 44°il A i *H34m 
3 4 2.8/anSl ^5°J£4 4^ 44*1 °i*1^4. *l 444 442] ^7> «J-^<H1 £14<H ^7l#-3S fl7>» 4SS4. ^ 
44 2 11 44\S4. 

^^1 ^4 



e)4°14 24 3*12] 44 4^1:11^1 s] 44; 44^121 ^g7>4 2. €■ 4 A H S «lJ2.-^^l ^4^°J 442] 
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3^8 ofl ^S^cK ^ -g.^ £^-§-,g- 3^ je^aj fl-i ^-^Hl o] 2 3.<£ ( i§ 3 oj^ D so , 

5/m)-§; 40%5-] * &± ^-fr^CQ^HS} Q£l Ci*}-7l Tt± ^ft*lHl ^*r€ >?Bi)-§: 'gi^- 

^7|ofl ^7^H #5^1- *J^a1^4. ^e^-t 20wn 711 ^1 ^1 ^ ^el^Ml S^SroI 120*C°1H 1>M#f.o} 
^1324. f-ei* = ^V-§-*M. «Hr ^rtf-S^SH *}E.3. °135l 2cnf £%i*H £-^-.2. 

<g^fr 3g7l-Sl-7l 3§fl, s| 4-§-*H ^-g- aH-o]^. 2 *j. 3*] .a 4 3*1-31 q. 

^l~§-£ S«BS -§-^£- 6 «-?-jS>. = # «U a)** ofl€^l t-KSUIHSS!}. ofl^-o) in (^l^ul)^^^^! 1 

*/L2) -§-«fltt u]^ ^afl*} -§-^<»lSl^. A}-§-:g AUsjeflolE]^- -^1 30/an3 «5HU3!*1| njcf^-^ ;gs.o]o} 

4. 

o]Q g-o] ^3V*j- s] -jf- 2 *> fixlfe. s^av AS ^1*>^4. 2*V ^l^^l (Nagano K.K )» 

3., 0 v°i] °m ^Mife, >a €^ v -i- 0 vhh -a-^sijn^ ^^5-1 jl. ?i#^7> iooM« ui-s^ *)3«ih * 

fS^Sa^. yt&Sr 3mAS] ^ Hft3. ^JL. 4. 2.0V* ^l^H wj-^ ^jS.*Kn, aj-*} §-^=^ 

^•71 2i4-ir SM^-«- 6.3.4*1, B-l* ^l^r 2*} 3*151 A^-j- 30 a>o^ ^ 50 A}o]^ ^tiHgt}. ig 7 > 

5 T°ll i+^va^. 

^*H1 3 

SE^ ^EflSl AVSJ.^^e. 1/300 - C& j]A^ 1A)7i f-<?V H]#Aj 7].^ (aj-a-g.) -a-^7HlA-l 7><g*H fl-^fil- ol-y- 

^•ifdiSI Ir-SS}- ^--§-1; ^flaj-sacj-. x-^ii ^^>a (Cu-Ka)°ll Sl*ll **H f fl-i ^^j^. Si(111)°fl 71 <y 

^2 5=28.4° -^1^ ^^^51 dVS.o.s.^-E-l Scherrer ^ <H*b ^ *} 55nm5l 3.711- 7f^cl-. cf-g-^l ^ 
51^ fl-i-^RVSl-fl-^ 4% v ^l» -g-t!- i^^l «|^r* ^e>^ 1- Bjofl^ Jfrsfl*|.jacj.. o]&\ go] -go. ^gf-ojj^ 0 :, 
34«1-jZ. ^7H1A^ *H 7^0.3.^ °t 0.8/mSI ^ ^H*} ^f±. 4^*11 ^• D a l -S: -r 

2? a v>-S-S.(vfl^ -50mm) °11 ^#al 1,100^^1^1 3^1^1-1-'^- ^l^r-ol-s.^ 7)-^ *-f-^l^) <g CVD* -r s A' 

ST-Si^k ^121- ^ol fli a.^v 5fl -a-^-M ^^^1S4. ©14 ?t*>l it± 4& 

«11 1 1.39651 fl-fr*. 28.1%2] fl.^ ^-f^ ^ 8.6/anSl ^^°JS* 7>3gq-. °] A>j>Hf 4-ofl fl- 

6 Scherrer S}«J 60nm^l H7l» 7^cK 

°1 ^& A i ^± 4**11 2°1H2]- ell-^l-gr 2^V €^1-8- ^ W§ fl7>«j-sa4. i^f- je 

ft i i °fl M-eJ-^i}. 

4 

^Al^ 2 e|A| AV-g-^ AVSl-fl-di ^-^r-i- ^3) Sr^ «r-§-S.(Ml=a -50mm)*fl ^3. 800TC<HH 1^1^f-°J «W E J€-4 = 

^ ^^-i-21 *#^A^ <S CVDt ^^rf^cf. «-^.0- a_El5l ^o\) x^jt. ot -, a] ^ o] 3g ^.^ = a] ^ol- 

i,2oo"c»il^ hi*-8 7]-¥MW «a^el* ^134. fl-^h 4f-aj) *^-o. 1 

7.5%5l ^ U-fl-** 7f^j7 ( ^ fl-i fl-fr^o] 25.4%<>l JL 3.1 /aaS] ^SU^S 7>^c>. ol^SHfiofl ^.a]-^ fl 
i^^^rx-'ii ^ Scherrer ^ofl v} q= 2 0nm5l 371* 7>^cf. 

A o v 7lft #el^ ^^l* ^ £^ ^± 4ft^l AjAHi ^o] al#oi^ 2 *> ^^1-8- -§-^- ^ %&3. 

A 1 3 J7i-ei-5ii=i-. I4t 5£ft a H q-Ej-vflc).. 

^^■Hl 5 

§•■3 ■§■ ^ ffdb *^(Sirgrain Powder, 10/an, Elkem'"-} *)!)-§• Wiley A Bachofen AG>"-r ^l -S- ^ DYNO-M 

ILL Type KDL-Pilot A°M 0.1 mm ^ ^lS.si-1*}- HlH-f 4-§-*l-ji ^^ir* Hi * r <H *=N)^l-il c K ^<=>1 
^^^1 ifi D 1-M1^-^- C 3 !-? -90nm) 100g-|- -S-H ^El?V(Aerosil 200, Nippon Aerosil Co., Ltd.*ll) 200g4 
^ft«l-Jl #-ir 7>§H *0*)i = a-^sa=1-. ^l^l^S* 150r<H]A-l 7i^l7lal ^dt *^7H|a^ 1,000°C°11^1 

3-M71 i-^AlgCl-, ijZJ- ^ r i^-f-i- f^Dll^l A>^.^ 8Am 2l 3gg- Ojco]| Tg-^V ^oflA] 

^*V^4. *<»1 ^ Tfi-ol-tlrflTfi *** S.E)al Sl-g-aofl ^JZ. ^^*fl#AR^ 0 J- 

I.ISOr^-M °)l*-*r=.^- 7>^ ^*Mr°l <S CVD* ^^^5!^. ^l S\-go] 18.5% 9] ^± sj- 

-B-^ 7^H fl-i 07> ^ "MtSj-fM- ft-g-A] ^aj^ o^o. S.J- el -7*1; u). 29. 

7%ol&ch 1 CVD51 ^<=fl £^AJ ff^i 4ft«H» ^^-€ «fldflAiaaL ^ 9.2^m2l sj^-oj^s ^.^o] 
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HlJE-H] 1 

>i "a cvd *ia]« «m 2«m*i- *m bi*<>]£- 2*1- ^ss^ *g7i-#5S4. ^4* 

^tt 3. 1°fl M-Ej-\£=h 
MU^l 2 

^i«-«}ae ;h-§-°im <n cvd* -a-^Tfiaj cvd ^e|€ **-e- is.5%3 ^dt 

^4 s-^jj. ajr-g-f] <y<H4*l £5frfr-fr 7>Hl7jcf. Aj-71 #e]a} g-fc. fl-^ 2°1H# * 

*D €r^7h si si ^^*J *iSHf:fc(SiO x )°J *m35ftjl ^ o]« ±7] £-fro) 2.=. #%=«J.5gcJ.. 

ti]jjL°fl 3 

-a*M S^H*)- £°1 fl-i ^12.^, ^ 90nmS] ^ ^ ^fl-^ ^-tH 1/aSJ 

^ 0 d-E.* -^r ^ g-*M- Af^a^. Tte-*l<iHHf4i «A CVD ^a)€ 17.8% 

— ] ^rrfc «-fr^, 28.5%3 ^ f^.f f gj 9.5/anS} 7}^ch ^7]^^* Q± fl-i-oj 

^JBte ^ ah 2«HM4 2*f ^l-§- &=>r S-aj fxj^ Jg7>sj-5gcj-. se*> i 1 »fl 

til 4 

^AlofJ 5 <HH «3£r 90nm2| W 5>^r 8.0^2] Jg^- °j£* -fl3*H|- ^1:25) 

f'^HlS. ^*1 ^^-of5Jcf. ^^-i;^- ^Al^l ^ i«*MI CVD*13|«F«H 14.0%^ ^ #-B-^=, 34.0%^l 

^± «-s-g=* ^ *^«o* ^si^. °i *«-«n* -a^H 2oflAisv ^#oi^ 2 ^> -g-^- 

^ 3 §7fel-^cf. am^ tfl^e] ^Cf. 





^Al Oil 


UljBOil 


2 


3 


4 


5 


i 


2 


3 


4 




26.7 


28.1 


25.4 


29.7 


24.9 


25.4 


28.5 


34.0 




16.5 


11.3 


17.5 


18.5 


nil 


18.5 


17.8 


14 .0 




1060 


986 


918 


1043 


955 


1021 


1200 


1172 


»S SlKmAh/g) 


756 


700 


656 


743 


630 


730 


800 


738 


30 Ah 01 21 §^ 


99 


95 


95 


82 


45 


78 


21 


UM 




98 


90 


89 


70 


5 


55 


3 


UM 



glAgj] 5 

*M<i 5«HN ^^^}(Aerosil 200, Nippon Aerosil Co., Ltd.^1) 200g-i: 3.B|3j tt-§-^<Hl ^JI 



ta2] 





cvd xH£j@ sio, 




0 




12.0 


SSI SS*(mAh/g) 


160 




135 


30M0IM2I sir 


97.0 




95.6 



«a<H*» -S-^ t^l ^<?i 7l^>Hl «fl W, SiO 2 fe- ^^^^.s. Bl*-y -t 

^<=>l5Jcf. " 

h] s.^ o. s 71^ -^ai^i 24144. s-oj ^|2«h3q ^-<g* -g-^-*^ *!--§- *]-£ 4. o] 

400mAh/g2l -§-^3f 340mAh/g21 M-EhflSit*. aj- 7 ] a]^^a^ £*M-g- 40^% 

21 * ^-frl?* u 1 Si 52] 51 SI ^tnH -g-^ *«a«:* -M-g-*|-fe- 71$ *t*l£l 3J3J 40 

%<=H1 Sfl^cf. t^g-Hl U12<H1 5<HH, CVD^l 2]sfl 3r)4 SE^r #±.3- ipd^l ^/t^ 3J-*-§- -^^*> 

cfe S«l ^^Sl-Cf. 

£^ ifA 4«-*fl £ 641 «4El-\fl aJ-5}- afl^l-i] ^-frs. <M-8-«M ^s^^-. 

£ 621 »fl-§-a(1)* H^J^r 71-^-8-^(4)^ 7>x]^ a. J?H] ^^(2)^1 ^^EH 5tU, « 

-g-S.1- #el*Hr *lel(3), as] jL 7^ £tf7](9)* £^ 7^ 5.<y#(io)-i- $-7]^ 7}± je^ ^7) % u|f 

^ -E°J« (7 ^ 8)2*3 £°JE1JI, -fHM|(6H SJ«H -fi-*«l ^^5lJI, 7^ £^7l(9)°M a l£ 

Jftl 7V± -E'g-i-o] E.«a^:(10)4 **fl S>-§-3.(1)°1l o]^e] j7 ( 7 J-^ *#*(4)o1H cf^r2l *#^-§- f-sfl SV-g-^S. 

«Jr-§-€^°il *«y« -a-sj-Tf-i *tts., 7>^ ol^fl-4i *^rs] ^#(2)* ^$4. tt-8-3.(i)fc- 

1.0/an2l 6m7g2] BET ali^a}* 5^ tfSHtdi t<£ SiO x (x=1.05)-§- -fr^* ^-§-5.2] -fi-^f- ^«1( 

80mm)<Hl f- 6 J«l"SI4. Ar7>^l- -fr^(6)« 2.0NL/min2l *1b|(3)1- ^^1H 3 

00 "C mi #21 ^ ^15. i,ioo'C2i -gr^yy*] »ni# 7><i*i-ai ^»i# n -&£-=hiai -fi-xiA]^cf. i.ioor^i S'B' ^, 

CH 4 7^* 1.0NL/min 2) ^JE.^ #=-7f -?}-<y*Vjl, *H CVD^Bl* 3*] ^^^Si^. ^Jr-I-S.* 

^Sl^. 4*^1 *^ 2.5^.21 3gS °J£, 9m7g2l BET HlS^^j, 25^^%2l ^i^-aV^t 

Scherrer^ °fl 2]sfl h> 30nm2l ^± °1^11^ 3.7). ZL^JL *?-%-<*3\-9] Hk>$%. ^±2) °£ 

°.S.m «> 28.0^^%2] ^ SE^r 07} ^fe-cf. 

b1#<=>1^- 2*> €^11- -M^Hl 2°fH2l- ^1^584. ^^lt- *>* u u v U J-^1*>^ C 1-. 2*1- ^/ u o v ^ ^ 

^1 (Nagano K.K.)# ^-S-*f°i cfl«fl f 1 /*^ EliS ^2] ^^o] 0 V°fl »lf nfl*W 1m 

A21 ^ ^^-S ^^-1- ^jL. 0 V°11 ^ofl-b, -t 0 V°fl^ =s. ^^.s 71JL, -£J**} 7} 2 0M» 

^l-ai: c d ^l^^^ *a*5a^. imA2] 53 ^ = fl*|-jL, € ^<a-oi rev* -y-ajtt a1^<H|a! 

^1^-21 £3l-g- ^^^l, el# ol^. 2 *> ^^Hl cfltt ^114 50 4°lt ^r 8 !*}^^. 3*1 rr, *3 

-S-^-grl ,493mA h/cirf«laL, 50 >«->»l# ^H2) -g-^ 1470mA h /cnf, 50 •^V'='l€- ^2] -§-%= -frxl-i-^- 98.5%°l 5i JI, 
7fl^€ *7l f-/^^ JL* ^ A>o]^ A3-~g. ^ £]!- o]^. 2 *> 3^]<=>lSltf. 

^ A l^l 7-9 

fl-i 4^ ^-^T* 6«fl^4 S^l *3:tW €S -tifl-Tfi: S-^21 ig^ °JS2V BET «la^2l aelJL 

^2] ^d-i S. 3<H1 q-El-'jfl u>2}. ft©] ^S1-a]^t^. a 3*- j^*]- jg^ oj £> BET H |^^^, ^ -f-sj-^, fl-^ o]^|^ 
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3.7] °A 33 7 ^°] 3^3 fl-i #M **3 07V fl-i JS.<H €>3. 

3* £3^ ^ 3t v 3 -s-<a-§r 3-S-33. 37i~g- en- o]^. 2 3 3*1* *i33 2333 3-3 ^3523. #/33 

3«* 3*H1 6333 £3 =r s 335S3. IE 4°fl 3333. 



[g-3] 





§iseaw±<siox) 






BET 

blfiffi=l 


SiOxOilAi 
x& 


2l£IB£ 

<• C) 


(hr) 


MAI (HI 6 


1.0 


6 


1.05 


1100 


3 


MAI (HI 7 


10 


4 


1.02 


1100 


3 


MAJ Oil b 


O.S 


19 


1.15 


1100 


3 


MAI Oil 9 


1.0 


6 


1.05 


1300 


1 








BET 

<m l /g) 




(nm) 




MAI Oil e 


2.5 


9.0 


25 


30 


2B 


MAI Oil 7 


IS 


3.5 


16 


120 


25 


MAI Oil a 


o.a 


18.2 


35 


20 


30 


MAI Oil * 


3.7 


7.0 


22 


100 


26 



[3. 4] 






(mAh/cm 3 ) 


50AKMMI2! 

(mAh/cm 3 ) 


50AfOie^2I 

ss^jie 

(%) 


MAI Oil 6 


1493 


1470 


98. S 


MAIOII ? 


1600 


1490 


93.1 


MAI Oil a 


1362 


1335 


98.0 


MAI Oil 9 


1490 


1465 


98.3 



*333 10 

£ 73 333 33 s]3S* £.3^ ff-i SIM- 2i|iS)-5S3. 

£ 7* £ 1^3 333 3#3^ «7W C 47V £)ir 333* ofl333. ^*H1 33 0 33 10* , 33 0. 

1 Ml 3 5 ° 21 3-2-3. 333 tffl* afe 4WHf± *S (P)* ^-§-3fr in ^33(21)* 3L#3:3. 

2n 333(2i)^r 3333 s|c-i(22H 3333 SJi 3333 33 3:3(23)3 ^#33 SJ3. 3*54* m. ic 33 

3(21)£r 3^33 33°-3 714333. 2.E](25)3 ^333 2n 333(21)* 3 3333 33 3t324)* 

£^33". 333: T^HHH 33 7l^(24)e £.3(25), 2.3(25)3 333(26)3 333 #3(27), in 333(21H 
333 #a|{28), nelol :z3* 4 6 H 3*83 3H(29)# 3E333, 33*3 33-33 S*r3. ii -S33 (21)£r * 
3(30, 30)3 3333. 3-S-3 33 71^(24)^ 3£3 i 333(21)* n 33 33 333 

333 3 S334r 33* 7>^ S±r *7] 333(33), 3 #3 7>^ -8-33(34), 333 (33 3 34)33 33=3 
(31 3 32). nils 333 (33 U 34)3 7f>; ^^71(35)^14. 7}±f^ 7>i ^^7l (35)<H|*1 €^3^, 

^l^ 7^ i^-lr^r ^-^(36)* -§-*H °J^» it -a ^3(21)^ £ 6 J^^K *13(37)^ t ^33(21) 

°1 ai^ofl ufl^i^q-. 

33(22)^^2.5^13 JS-ff°Ji3i0irf/g3 BET 3S^3-§- ^fe- 6 1*J:3Tf^ ** SiO x (x=l.05)* -¥-°J3533. 
Ar7>i» -8-^^1(32)1: *3<H 3.0NL/min^ ^-SlS. ^- 0 J^133*1, 33(37)* 3*33 300r/3*3 
1.200TC3 *£33 ic "^3(21)1- 7>^3aL ^ €3* H *£°H3 1,200'C»fl -f. In €^13(21) 

* 2° 3 3°L^ 71-i-olJi ^A]ofl 2.^(5)# 7>f-*H ^^3* 2rpmAS. 3 33 S3. 3* < HL CH 4 3^-1 2.0NL/ 
min 3 -8-^3(31)* **H ^7> 3^3^, 3:3^ 300g/333 ic -a33(21)°1l 3^3Slul 

33.3 CVD 33* ^^3^3. CVD 33* 1033- *3 333^3. ^3^r 33 3*tb ^-3£ 3333 &s •?> 
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^ ^.g. o-av^] s]«fl ia]^o_v *h^*h £3-8 -rT-dt 4^41 ^544. ff± 4thH a-tf 

•Sr 3.2/a2} ^ 9.8m7g2} BET ulSL^a}. 18# ^%2l Sti-f-ah"** 7>^J7, ^aj Si o] 3)37). 
&t=l5S4. 

°l ^>-8-*H, e}#°l£r 2*V 341- 41*|-S>SI4. Aj 6^1^^ 4^1-534. * 

si £3 -£%t£r 1,420mA h/cm"4lL, 50 4°1^ *S| ^3 1 400mA h /cm'. 50 -§-^ -fM#£ 98.6 



-ff-rt 4t V ^^ 1314 s €«BH 24" 3*1 °1H #^S.A^ A>-§-^- n|| fl^Bl-fr Aj-oj-g ^-.g. 

41 ^«4. 

^4 ^-*1 #-S No. 2002-1427^- #jLS. ^7H £%€4. 

H>^-3]tb ^4Hl» 71^53 -2-4 *&7\ 7> = ^'ofl Hl^ ^ ^ U^o] 7VSHS 4 s Stftf. £ Ifg 

£r «-¥"^*l ^^Sl igflfij 3}<44*1 &:2. "7413 JUL 7l#E)^ 5521- ^Hl ^Al^ ^ 



(57) l! i^l 
^T 1 * 1. 

tr £4^ ^ 4141. 
^T** 2. 

41 1 %Hl $i<H*1. Dl^^^o] olAj-^^ofl ^-Aj-s]^ oj^. O j^}.s.o) «a£7>0.01 vfl*l 30/um°lJl 

, BET n]a^^*l 0.5 MM 20m7g*laL, &± 3 i-IM 70^^=%°J 3* ^ «fe fl-di 4^1. 

j§^3£}- 3 

41 1 «■ SE^- 41 2 SM^.^M^-frl ^14 500nm2l 3711- 7W^, 7f4x U4- a 

4*^^S. ^21- ^-^"21^ %ltr 5!* «LS S.^^ ?i 4^1. 

4. 

41 1 %»", 41 2 % Et 41 3 Si«H^ ( X _A1 j^^ jg.Ajoj ^.A4 % v Bfl( si(T11)ofl 7l^fe Si ^ S)a7> 

ElaL, °l4l^^^r Scherrer ^l Sl«- s}^ si 3 SI *^SJf^ ^ 4 1 vfl^l 500nm2l 37l* 7^H, ^ 
Tfdt *tf*03 5 Ml^l 70^^=% o J ^-3.2.5. 4^41. 

5. 

41 1 % ^4 414*^^^ fl:% v <Hl y<^A^ ( ^a}.^ ^.^al-sl <eV-§-A] ^ 7^1 ^ A S^1* 4 SJ^ 071-2) fl- 

4i* 1 m^l 35 #**Kr 53* ^ ^ o.a efe £4,Aj fl-i a-^. 

6. 

41 1 % vfl^l 41 5 ¥ ^ <Hii St ^<H1 5i<H A i ^ *^-5,Hl-^| el-^ 1580cm -i e^2l ^2 ^ 

ail^l- 4l^*Kr TT-i 4-^-41. 

7. 

^fl-fl-i* *7ll- ?Y± ^/1E^ ^7121-, 900 tfl*l 1,400'C2] -Sr£4lAi Ir^-S} ^-g-A] 5-1 jl f-AHl Sf-^-f^^-i- aj-^ 
*Rr ^-41*-!: t-^ 41 1%H1 4^.^ ?i 4^41 £l 41 £ 

8. 

41 7 Sa«H-H, ■a*^ 1 : SiO x H7H 1^ X < 1.6)«.S. S-AlE]^- AV^.fl.-A.^ o.OI vfl 4. 30/anSl °J£. 0.1 Ml 
^1 30m*/g2l BET HlS^^# °J4-2l ^EfloJ ^£.5. fl-i 4^4121 41 2i ^o 1 -^. 
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^T 1 * 9. 

800 1.4001C21 £;E<HH ^^S] 4M* 7}± ^/I£*r 2^ *WHr 

'S**- 900 tfl^l 1,400 'C£l ^£1^ ^-^W^ AJrSHf^-f- l^e]^ -g^-^ i£-§.a| ^ o.^ fl-^i 

-a em ^ #3 -g-^sKn. ±.W££M <S€- 4**fl. asl-n. if 4s S h^s] Jf-g- ^sn- ^ *Jsn-§- 800 

i-fl*] 1,400t:Sl h]*^ ?UMM 7f<S^S.«i <g£- *fe *il i#°fl 

^^th 10. 

*HHte* 500 m^l 1,200rs.l 7>i Si/5E^ ^7]S A>*M s^^a] 7}JL ^3Jf€ A J^1"* 900 

MjAj 1,400r^]^ H]*^ -g-^HH <i^5lsH #5-^ tV-S-A]?!^ T^S* ^21 *]| 1%V 

tcj-a^ =^AJ fl-i- ^-^£1 

*1] 7 * vfl*l * 10 «• * ^ii t!r%Ml StM-M, -8-*^ H-%-3., ^3 "ii-g-S., E^S, 

SEiaJ ^AiM^ Aiiflsl aV-l-^l^A^ sjsflA)^ 53* tf^- ^2 

12. 

^S^^t 13. 

*D 1 * 6 & '-M 60^^%si ££^3 g-t 1 -* 
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12.0 14.0 16.0 18.0 20.0 22.0 24.0 26.0 28.0 30.0 32.0 34.0 36.0 38.0 
28 




a»2i sib 



IE ^_3b 

ssoi aeio 
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